Pethidine 1 mg kg" 1 , diazepam 0.25 mg kg" 1 and flunitrazepam 0.02 mg kg-1 i.m. were compared as premedicants in a double-blind study in 145 children undergoing otolaryngological surgery. Both flunitrazepam and pethidine had an anxiolytic effect in the children of less than 5 yr whereas diazepam had little effect. All of the drugs were anxiolytic in the children aged 5 yr and older. Sleep following thiopentone was restless more often in the younger than in the older children. Cardiovascular responses to thiopentone and to tracheal intubation were most obvious following benzodiazepines in children of less than 5 yr. After anaesthesia 10-33% of the older children could not recall pictures shown to them before anaesthesia. Forty-five (± SD 13) min after injection, the concentration of diazepam in serum was similar in both age groups; after 90 min it decreased in the younger and increased in the older children. All concentrations of flunitrazepam were significantly greater in the older compared with the younger children.
Premedication is specially important in children, in whom separation from parents and fear of medical procedures may cause apprehension of a degree which can cause psychiatric disturbances after operation (Eckenhoff, 1953) . Children undergoing adenotonsillectomy may have suffered several episodes of illness, rendering them fearful and irritated. Haq and Dundee (1968) have shown that preoperative apprehension in children, with crying and tachycardia, increases bleeding during adenotonsillectomy. They found oral diazepam and trimeprazine to be equally satisfactory as premedicants. In our practice we have used i.m. pethidine or, occasionally, diazepam. These drugs usually seem to be satisfactory for older children, but not for younger children.
The present study was designed to compare i.m. pethidine, diazepam or flunitrazepam as premedicants in children undergoing otolaryngological surgery, mostly adenotonsillectomy. Flunitrazepam was included because of its sedative and amnesic properties (Dundee, George et al., 1976; Korttila et al., 1978) .
One hundred and forty-five unselected children aged 0-15 yr were premedicated with pethidine (Petidin, Star, Tampere) 1 mg kg"" 1 or diazepam (Diapam, Orion, Helsinki) 0.25 mg kg" 1 or flunitrazepam (Rohypnol, Roche, Basel) 0.02 mg kg" 1 all in combination with atropine (Atropin, Orion, Helsinki) 0.02 mg kg" 1 injected into the gluteal muscle 45 (± 13 SD) min before the start of anaesthesia. The children were allocated at random to one of the three premedicant groups. After the child's arrival in the operating room his behaviour was assessed and scored by one of the authors (L. L.) who anaesthetized all the children without knowing the premedicant. The scoring of the effects of premedication (table I) was a modification of the method of Barker and Nisbet (1973) . Relief of anxiety was poor if the score was 0-1, fair 2-3, good 4-5 and excellent 6-7. After studying about 10 children a significant difference was apparent between the children older and younger than 5 yr and we separated and compared these two age groups. Table II shows time between the i.m. injection of the premedicant and scoring of anxiety, and the sampling of blood for measurement of drug concentrations. 
Assessment of amnesia
Two pictures were shown before the start of anaesthesia. Children less than 10 yr were shown and asked to identify pictures of a flower and a house and those more than 10 yr saw pictures of a shoe and a car. At 2 and 24 h after operation they were asked to recall the pictures.
Anaesthesia
Anaesthesia was induced with thiopentone 5 mg kg" 1 given over 45 s. Except for children undergoing tympanotomy, the trachea was intubated following suxamethonium 1.5 mg kg"
1 . The intensity of muscle fasciculations was noted. Anaesthesia was maintained with halothane (commencing with 2% and reducing gradually thereafter in 70% nitrous oxide in oxygen. A Rees system was used for children weighing less than 25 kg and a circle system with carbon dioxide absorption for those more than 25 kg. Ventilation was assisted or controlled. The arterial systolic pressure was measured indirectly and the heart rate was counted using a praecordial stethoscope before and after injection of thiopentone, 30 s after intubation and every 5 min during the operation. Side-effects were noted.
Assessment of drug concentrations in serum
Venous blood was sampled 45 +13 and 90 min after the injection of diazepam and flunitrazepam. The first sample was drawn from the needle inserted for the induction injection before the start of anaesthesia and the second sample from the same needle in the recovery room. Sera were stored at -22 °C until analysed for diazepam content by the method of de Silva and others (1976) and for flunitrazepam by the method of de Silva and Bekersky (1974) . In both methods a Hewlett-Packard model 5830A gas chromatograph with electron capture detector and 7671A automatic sampler was used. A 1.2-m glass column with an internal diameter of 4 mm was packed with 3% OV225 on 80/100-mesh chromosorb W AW DMCS. The carrier gas was 90% argon in methane filtered through a molecular sieve and at a rate of 50 ml min"
1 . Operating temperatures were: injector 270 °C, column 245 °C for diazepam and 250 °C for flunitrazepam, detector 325 °C. Under these conditions the retention times were 1.2 min for medazepam, 3.2 min for diazepam, 6.5 min for flunitrazepam and 11.5 min for n-desmethylflunitrazepam. The sensitivity limit was 5 ng ml"" 1 for diazepam and 1 ng ml" 1 for flunitrazepam when a 1-ml sample of serum was used.
Student's t test was used for parametric data and the Mann-Whitney test for non-parametric data. Table III shows that with regard to sex, physical condition, age, weight and blood concentration of haemoglobin the groups less than and more than 5 yr were comparable. Figure 1 shows that both flunitrazepam and pethidine had an anxiolytic effect in the children less than 5 yr whereas the effect of diazepam was poor in this age group. Flunitrazepam differed significantly from diazepam. All premedicants produced a good anxiolytic effect in the children older than 5 yr. The anxiolytic effect of each drug was significantly better in the children 5 yr and more than in those less than that age. Table IV shows that in all premedicant groups sleep following thiopentone was more often restless (child crying or moving) in the younger (25-55%) 24 17*** § § than in the older children (0-8%). In the younger children flunitrazepam was associated with a more peaceful induction of anaesthesia than was diazepam. The frequency of apnoea ranged from 71 to 90% in different groups and eyelash reflex and eye movements almost always disappeared. The fasciculations following suxamethonium were more violent in the older children premedicated with pethidine and diazepam than in those premedicated with flunitrazepam.
RESULTS
Immediately after injection, thiopentone decreased arterial systolic pressure from 12 to 24 mm Hg in different groups ( fig. 2 ). This decrease was significantly greater in the younger children premedicated with diazepam and flunitrazepam than in the older children premedicated with these drugs. After tracheal intubation, the increase in systolic pressure ranged from 20 to 45 mm Hg in different groups. In the younger children this increase was more pronounced in association with flunitrazepam than with pethidine.
At 2 and 24 h after anaesthesia, 10-33% of the children older than 5 yr did not recall the pictures (table V) . There were no statistically significant differences between the groups. Only 14 of 57 children less than 5 yr co-operated in the assessment of amnesia and the results from these children were excluded.
At 45 ± 13 min after injection, the serum concentration of diazepam was similar in both age groups whereas, 90 min after injection, it had decreased in the younger children but increased in the older ones (table VI). All concentrations of flunitrazepam were significantly greater in the older than in the younger children and in both age groups the decrease was time-dependent. (29) 7.2±0.90f* 5.6±0.40f DISCUSSION Both flunitrazepam and pethidine had an anxiolytic effect in the children less than 5 yr, whereas the effect of diazepam was not satisfactory. All the premedicants studied produced a good anxiolytic effect in the children of more than 5 yr. Furthermore, a good anxiolytic effect seemed to be associated with a peaceful induction of anaesthesia.
Anxiolytic effect
Diazepam 0.25 mg kg" 1 and flunitrazepam 0.02 mg kg" 1 had an equipotent anxiolytic effect in children of 5 yr and more. Dundee, Vandarajan and others (1976) and Korttila and others (1978) found that in the same dose ratio (1 : 12.5) as was used in the present study, diazepam and flunitrazepam were equipotent sedatives in adults. Kammer and others (1975) , however, found that flunitrazepam 2 mg had an anxiolytic effect when used for i.m. premedication in adult patients whereas diazepam 10 mg was without effect in the same (experimental) conditions. The discrepancy between the comparative studies of diazepam and flunitrazepam may be the result of the different dose ratios of the drugs, 1: 12.5 and 1: 5, used in the different studies.
In the younger children flunitrazepam produced a significantly better anxiolytic effect than did diazepam. Both benzodiazepines had a better anxiolytic effect in the older compared with younger children. There may be several reasons for the differences between the two groups. Because of uncontrollable fearful reactions, younger children may need greater sedation than the older ones. Furthermore, the smaller concentration of flunitrazepam in the serum of the younger children may partly explain its poorer effect in these children. However, the differences in the action of diazepam cannot be explained on these grounds since there were no significant differences in serum concentrations. In addition, it has been found that the absorption of diazepam is better from the intestinal tract than from the muscle (Assaf, Dundee and Gamble, 1975) . Therefore diazepam may cause a better anxiolytic effect given orally than given i.m. In neither group did pethidine differ significantly from the benzodiazepines, although its average effect in the younger children was better than that of diazepam. This finding is in agreement with the results of Bush (1968) who preferred pethidine to diazepam as premedication for children. Like the benzodiazepines, pethidine had a markedly better anxiolytic effect in the older children.
Induction characteristics
In all premedicant groups, falling asleep after thiopentone was more peaceful in older than in younger children. Flunitrazepam in the younger children produced a more tranquil induction than did diazepam. On the basis of the disappearance of eyelash reflex and eye movements, however, thiopentone 5 mg kg" 1 produced the same level of anaesthesia in all groups.
In the older children, fasciculations caused by suxamethonium were less frequent after flunitrazepam than after diazepam or pethidine, whereas in the younger children there were no such differences. In the diazepam group the fasciculations were more violent in the older children. The preventive effect of benzodiazepines on these fasciculations may be the result of muscle relaxation of central origin caused by these drugs (Haefely et al., 1975) .
Cardiovascular responses
After pethidine premedication, the cardiovascular responses following injection of thiopentone and tracheal intubation were similar to those in earlier reports of the same conditions (Saarnivaara, 1977) . With the exception of flunitrazepam in the older children after intubation, the benzodiazepines did not differ from pethidine. However, the decrease in arterial systolic pressure following thiopentone was more pronounced in the younger children who received benzodiazepines.
Amnesic effects
In comparable sedative doses, flunitrazepam has a better and more prolonged amnesic action than diazepam in adult volunteers Linnoila, 1975, 1976) and in adult patients (Dundee and George, 1976; Dundee, George et al., 1976; Korttila et al., 1978) . In the present study flunitrazepam also caused anterograde amnesia more often than did diazepam in the children older than 5 yr although the difference was not statistically significant. Pethidine had an amnesic effect in 22% and 11% of the children when studied 2 and 24 h after injection. This result agrees with that obtained by Dundee and Pandit (1972) , who found that pethidine 50 mg produced amnesia in 20% of the adult patients. This result did not differ from that with placebo. In the present study pethidine did not differ from diazepam, which caused amnesia in 10% of the children. Dundee and Pandit (1972) , however, found diazepam 10 mg given i.v. caused amnesia in 50% of the patients. This difference may be a result of the different modes of administration or different pharmacokinetics of diazepam in children and adults. The result may also show that children do not develop amnesia after diazepam so readily as do adults.
Drug concentrations in serum
Our results in children of different age groups confirm the earlier results in adults indicating that the pharmacokinetics of diazepam (Klotz et al., 1975) and of flunitrazepam (Korttila and Linnoila, 1976; Korttila et al., 1978) y flunitrazepam 0,02 mg kg" 1 i.m. como premedicamentos en un estudio de doble anonimato conducido con 145 ninos sometidos a cirugia otolaringologica. Tanto el flunitrazepam como la petidina ejercieron un efecto ansiolitico sobre los ninos menores de 5 afios, mientras que el diazepam surtio poco efecto. Todas las drogas resultaron ansioliticas en los ninos de 5 anos y mayores. El sueno que siguio la administration de tiopentona fue mas a menudo inquieto en los ninos menores que en los mayores. Las respuestas cardiovasculares a la tiopentona y a la intubation traqueal fueron mas notables tras la administration de benzodiazepinas en ninos menores de 5 afios. Despues de la anestesia, 10-33% de los ninos mayores no pudieron recordar las ilustraciones que les fueron mostradas antes de la anestesia. Cuarenticinco ( + SD 13) minutos despues de la inyecci6n, la concentration de diazepam en el suero fue semejante en ambos grupos de edades; al cabo de 90 min disminuy6 en los ninos menores y aument6 en los mayores. Todas las concentraciones de flunitrazepam fueron significativamente superiores en los ninos mayores en comparaci6n con los menores.
